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A = A0(
M/s)
xOu¥
B = A0(
M ′/s) ­
º
[]{XUrJ  d{X¥xOd
R
]oxd{vw]z¤¥[p]Dd{XU[doXU{[p[5rsv~u/dy]rs£md{XU[m[I¤¥uUv¦d{v~rsurO£U}wxO|5[I}~[p|Uvw]{v¦Z\v~}~xs{v¦dnk
­
eltU¥5r/]{[
ARB
¸-d{X¥xOdbvw]
A0(
M/s)RA0(
M ′/s)
£´r/ﬃ]zr/Z\[
A0,M,M
′ xs]bxs|5rJs[
­ -
u° Xxdf£´r/}¦}~r ]_ [ ov®do[
X(t)
£´r/
X(t/s)
¸/ XU[p{[
X
oxsuUs[<]rJs[p¥{rmqI[p]o]z[<]xOu¥G£´oxsZG[<]Lxsu¥
t
v~]
M
r/
M ′ ­'º
[UorJs[3d{Xxd
doXU[ﬃ£´rs}~}¦r v~uU\:tU[<]ndov¦r/u¥]3X¥x</[ﬃxO½${Z$xdov¦s[xOu¥]{ &[I	
9
­ ϕ(A0(M)) ≈ ϕ(A0(M
′))   º
[§¶luUr  doX¥xd
ϕ(A0(s))
vw]Sx xs}¦vw©£´yxOZ\[ª¾´£´{r/Z d{XU[Fm[¯
¤¥u¥v®dov¦r/u rs£
R
¿³¸_X¥[Iu¥q[
ϕ(A0(s)) 0 s
¾´£´{r/Z doXU[FX:kl5rsd{XU[<]zvw]o¿
­ 
[d
ϕ′(s) ≡ ϕ(A0(s))
X¥xJlv¦u¥µrsuU}~kFsorstUu¥ xOu¥ uUr/{Z$xO}~v:LI[pFd{[p{Z$]
­
W3X¥[IuD¸|:k

[IZ\Z$xJF¸
 &[VXx<s[\doX¥xd
ϕ′(s)
vw]xOu·[I«ld{[Ium[p· &[p}¦}¦¯7£´rsoZG[<©£´yxOZ\[
­»º
[FqIxsu d{X¥[Iu t¥]{[°Lors5r/]{v¦d{v~rsu 9§d{r¡rs|mdyxOv~u d{Xxd
ϕ(A0(M)) ≈ ϕ(A0(M
′))
¸]{v¦uq[ &[X¥x</[
ϕ(A0(M)) = ϕ(A0(s))(M)
¾8xOu¥doXU[]oxOZ\[ﬃ£´rs
M ′
¿
­

­
v¦£
A0(M) → A′
d{X¥[Iu
A′ ≡ A′0(M)
¸
A0(M
′) → A′0(M
′)
xsu¥
A′0(M)RA
′
0(M
′)
¸/£´r/&]{rsZ\[
A′0  º
[fmvw]ndov¦u¥stUvw]zX$d¢ &rqIxs]{[p]p¸/x/qIqr/omv~uUbdor XU[Id{XU[pLdoXU[_t¥]z[<\otU}¦[ 3xs]d{XU[
ﬀﬁ
otU}~[
r/3r/uU[ﬃrO£
doXU[
ﬂﬃ
xsu¥
 
otU}~[p] 
 
v¦£mdoXU[
ﬀﬁ
{tU}~[ xs]t¥]{[pﬃd{X¥[Iu
A0(M) ≡ C(M)[c〈z〉.Q(M)|c(z).R(M)]
¸J X¥[I{[
C
vw]&xsu$[pxO}~t¥xOd{v~rsuVqr/u/d{[I«ldxOu¥
A′ = C(M)[Q(M)|R(M)] ­
W3XU[pu
A0(s) ≡ C(s)[c〈z〉.
Q(s)|c(z).R(s)] ­
W
xs¶s[
A′0(s) = C(s)[Q(s)|R(s)] ­º
[\X¥x<s[doX¥xd
P (s) ⇒∗ A′0(s)
xsu¥]{r¥¸m|:kU[¤¥uUv¦d{v~rsu@rO£
R
¸U &[ﬃX¥xJs[bd{Xxd
A′0(M)RA
′
0(M
′) ­
 
rsd{XU[p{ vw]{[s¸
A0(M) ≡ C(M)[
v¦£
T ′(M) = T ′′(M)
doXU[Iu
Q(M)
[I}w]{[
R(M)] ­
W3XU[pu
A0(s) ≡ C(s)[
v¦£
T ′(s) = T ′′(s)
d{X¥[Iu
Q(s)
[I}w]z[
R(s)] ­$¼
orsZ

[pZGZ$x@ &[\¶luUr 
doX¥xd
T ′(s) = T ′0θσ(s)
xOu
T ′′(s) = T ′′0 θσ(s)
¸D XU[Io[
T ′0 = T
′′
0
v~]ﬃxSd{[<]ndv¦u
P
xsu¥
νn˜.σ ≡ ϕ(A0(s))
vw]doXU[ﬃ]zdoxsu¥Uxso$£´oxsZG[b 
­

­
d
­ A0(s) ­
W
xs¶s[
A′0(s) = C(s)[Q(s)]
v®£
T ′0θσ(s) =E T
′′
0 θσ(s)
xsu¥
A′0(s) = C(s)[R(s)]
rOd{X¥[I{ vw]{[
­'¼
orsZ

[IZ\Z$xb &[3Xx<s[
doX¥xd
T ′0θσ(s) =E T
′′
0 θσ(s)
v #
T ′0θσ(M) =E T
′′
0 θσ(M) ­
G[pu¥q[
A0(M) → A
′
0(M)
¸
A0(M
′) → A′0(M
′)
xOu¥
A0(s) → A′0(s) ­
u¥¨ &[µxO}w]zr¬X¥xJs[
A′0(M)RA
′
0(M
′)
£´orsZ!d{XU[m[I¤¥uUv¦d{v~rsu@rO£
R ­

­
v¦£
A0(M)
α
→ A′
xOu¥
fv(α) ⊆ dom(ϕ(A0(M)))
xOu¥
bn(α) ∩ fn(A0(M
′)) = ∅
d{XU[pu
A′ ≡ A′0(M)
¸
A0(M
′)
α
→ A′0(M
′)
xOu¥
A′0(M)RA
′
0(M
′)
¸²£´rs]{rsZ\[
A′0  
qpqrsymv~uUSd{r
doXU[ﬃ£´rsoZ!rs£
α
¸U &[qr/u¥]{v~m[pdoXU[ﬃ£´rs}~}¦r v~uU\qpxs]{[p] 
  α = c(T ) ­
eltUU5r/]{[
A0(M) ≡ C(M)[c(z).Q(M)] ­
W3X¥[IudyxO¶s[
A′0(s) = C(s)[Q(s)
{T/z}] ­
  α = c〈u〉 ­
emtUU5r/]{[
A0(M) ≡ C(M)[c〈u〉.Q(M)] ­
W3XU[IudoxO¶/[
A′0(s) = C(s)[Q(s)] ­
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  α = νu.c〈u〉 ­
eltUU5r:]z[
A0(M) ≡ C(M)[νu.A1(M)]
¸' XU[Io[
A1(M)
c〈u〉
−→ A′1(M) ­
W3X¥[IudyxO¶s[
A′0(s) = C(s)[A1(s)] ­
W3XU[xO|5rs[bmvw]{qIt¥]o]zv~rsuUorJs[<]d{Xxd
R ⊆ ≈l ­
elv~u¥q[ﬃ &[ﬃX¥xJs[ﬃq}~[pxs{}~k\d{X¥xOd
P (M/s)RP (M
′
/s)
¸
v¦d£´rs}~}¦r ]d{X¥xOd
P (M/s) ≈l P (
M ′/s) ­
  
V@ 
¼
rsﬃ]{xs¶s[rO£&]{v¦Z\U}~vwqv¦d¢k/¸² &[Z$xJk@rsZ\v¦dfdoXU[\]zklZ|5r/}
〈, 〉
£´r/fxOv~{v~uU
­&-
u§d{XxdqIx/]z[s¸- &[\xs]o]ztUZ\[Gx
ov¦/X/dUov¦r/{v¦dnk\doX¥xdvw]
a, b, c = 〈〈a, b〉, c〉 ­

"%$  J
 )+$,&/ 4* 1 I
0 * ( '4,5, 6*0* 
	H ' .* 1 * 1/+1 
W3XU[UorOdormqrs}-vw]U[p]oqov¦|5[p|5[I}~r  
A⇒ S : A,B,Na
S ⇒ A : {Na, B,Kab, {Kab, A}Kbs}Kas
A⇒ B : {Kab, A}Kbs
`ftU3doxOos[Id]{[pqo[dvw]
Kab ­
W3XU[qIrso{[<]z5rsu¥mv~uUGU{rUq[p]o]v~] 
PNS(kab) = νkas.νkbs.(!A)|(!c(zb))|(!νk.S(k))|S(kab)
 XU[p{[
A = νna.c〈a, b, na〉.c(za).[pi1(dec(za, kas)) = na].
[pi1(pi2(dec(za, kas))) = b].c〈pi2(pi2(pi2(dec(za, kas))))〉
S(x) = c(zs).νr, r
′.c〈enc(〈pi2(pi2(zs)), pi1(pi2(zs)), kab,
enc(〈x, pi1(zs)〉, kbs, r
′)〉, kas, r)〉
"
rOd{[_d{X¥xOd&rsd{XU[p&U{rUq[p]o]z[<]L]{XUrst¥}~$|5[fx/Um[<\d{rqIrsu¥]{v~U[Io[p$qr/{otUmdo[p$xO/[Iu:do]rsors}~[p]
A,B
xOu
S
dyxO}~¶:v~uUGd{r$rOd{X¥[IxO/[Iu:do]3|UtmddoXUvw]3 rstU}wuUrOdo[pxO}~}~kVqyX¥xOu¥s[fdoXU[ﬃ£´rs}~}~rJ v~uU$]z[dy]3rs£'Z\[p]o]{xss[p]
­
W3XU[ﬃr/tmd{UtUdZ\[p]o]{xss[p]3xOo[
Mo =


a, b, na
pi2(pi2(pi2(dec(za, kas))))
enc(〈pi2(pi2(zs)), pi1(pi2(zs)),
kab, enc(〈kab, pi1(zs)〉, kbs, r
′)〉, kas, r)


W3XU[bdo[p]zdo]xOo[ {
pi1(dec(za, kas)) = na
pi1(pi2(dec(za, kas))) = b
}
º
[\m[¤¥u¥[
max Ei = {e | e ∈ Ei}
v¦uFrsym[I_d{rv~u¥qo[px/]z[o[pxs¥xO|Uv~}¦v¦dnks¸-xsu¥°]zv~u¥q[v¦dbvw]f[<xs]{kd{r
m[<mt¥q[
Ei
£´orsZ
max Ei ­
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Do = {pi2(pi2(pi2(dec(z, kas))))}
E0 = {enc(〈z1, 〈z2, 〈x, z3〉〉〉, kas, r), enc(〈x, z4〉, kbs, r
′)}
max E0 = {pi1(pi2(pi2(dec(z, kas)))), pi1(dec(z, kbs))}
Do ∩ E0 = ∅
Mkabt = ∅
º
[m[pmtq[fdoX¥xd
PNS
vw]3x [I}~}®¯7£´rsoZ\[pVUormq[<]{]& 
­

­
d
­ kab ­
_UU}¦klv~uU\W3X¥[Irso[IZ xOu¥]zv~u¥qI[
doXU[
"
[p[pmX¥xsZG¯¢emqyXUorl[pm[pﬃ]zklZ\Z\[do{vwq¶s[Ik§UorOd{rUqrs}'Uo[p]{[Ios[p]_doXU[$]zklu:doxsqd{vwqG]{[pqo[pqIk@rs£
kab
¸D &[
m[<mt¥q[ﬃdoX¥xdd{XU[¥{rsd{rmqIrs}-Uo[p]{[Ios[p]&d{XU[]zd{orsuU\]{[pqI{[<qk$rs£
kab
doX¥xdvw]
PNS(
M/kab) ≈l PNS(
M ′/kab)
£´r/xOu:kSUtU|U}~v~qﬃd{[IoZ$]
M,M ′
 
­

­
d
­ bn(PNS) ­

" !   
0   1 *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
W3XU[UorOdormqrs}-vw]U[p]oqov¦|5[p|5[I}~r  
A⇒ B : Na
B ⇒ S : {Na, A,Kab}Kbs
S ⇒ A : {Na, B,Kab}Kas
/xsv¦u¸ld{XU[ﬃdyxOos[d]z[<qo[dvw]
Kab ­
W3XU[qIrso{[<]z5rsu¥mv~uUGU{rUq[p]o]v~] 
PNS(kab) = νkas.νkbs.(!A)|(!S)|(!νk.B(k))|B(kab)
 XU[p{[
A = νna.c〈na〉.c(za).[pi1(dec(za, kas)) = na]
B(x) = c(zb).νr.c〈enc(〈zb, a, x〉, kbs, r)〉
S = c(zs).[pi1(pi2(dec(zs, kbs))) = a].
νr′.c〈enc(〈pi1(dec(zs, kbs)), b, pi2(pi2(dec(zs, kbs)))〉, kas, r
′)〉
"
rOd{[_d{X¥xOd&rsd{XU[p&U{rUq[p]o]z[<]L]{XUrst¥}~$|5[fx/Um[<\d{rqIrsu¥]{v~U[Io[p$qr/{otUmdo[p$xO/[Iu:do]rsors}~[p]
A,B
xOu
S
dyxO}~¶:v~uUGd{r$rOd{X¥[IxO/[Iu:do]3|UtmddoXUvw]3 rstU}wuUrOdo[pxO}~}~kVqyX¥xOu¥s[fdoXU[ﬃ£´rs}~}~rJ v~uU$]z[dy]3rs£'Z\[p]o]{xss[p]
­
W3XU[ﬃr/tmd{UtUdZ\[p]o]{xss[p]3xOo[
Mo =


na
enc(〈zb, a, kab〉, kbs, r)
enc(〈pi1(dec(zs, kbs)), b,
pi2(pi2(dec(zs, kbs)))〉, kas, r
′)


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W3XU[bdo[p]zdo]xOo[ {
pi1(dec(za, kas)) = na
pi1(pi2(dec(zs, kbs))) = a
}
Do = {pi1(dec(z, kbs)), pi2(pi2(dec(z, kbs)))}
E0 = {enc(〈z1, 〈z2, x〉, kbs, r)〉}
max E0 = {pi2(pi2(dec(z, kbs)))}
E1 = {enc(〈z1, 〈z2, x〉, kas, r)〉}
max E1 = {pi2(pi2(dec(z, kas)))}
Do ∩ E1 = ∅
Mkabt = ∅
º
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